Experimental design issues for the early detection of disease: novel designs.
This paper investigates two experimental designs which have been used to evaluate the benefit of the early detection of breast cancer. They have some advantages over a classical design (the screening program versus usual medical care) in that subjects in a control group may benefit by participating in the study. We refer to the two experimental designs as the up-front (UFD) and close-out (COD) designs. The UFD consists of offering an initial exam to all participants. Then they can be randomized to a usual care group or a screening group receiving one or more special examinations. If the outcome of the initial examination is included in the analysis, then the study can answer the question of the benefit of an additional screening program after an initial examination. If the analysis excludes all the cases diagnosed at the initial examination, then the analysis evaluates the benefit of a screening program after elimination of the prevalent cases. These prevalent cases are most likely to be affected by length bias sampling and consequently will tend to have less aggressive disease and live longer. As a result, the UFD can answer two scientific questions. The COD consists of randomizing subjects to a usual care group and a screened group. However, the usual care group receives an examination which coincides at the time of the last exam in the study group. In this paper the power of these two designs have been evaluated. In both cases the power is severely reduced compared to the usual control group receiving no special exams. The power is a function of the sensitivity of the exam, the number and spacings of the exams given to the screened group as well as the sample size, disease incidence of the population and the survival distribution. The theoretical results on power are applied to the Canadian National Breast Cancer Study (ages 40-49) which used an UFD and the Stockholm Mammography Breast Cancer Screening Trial which utilized a COD.